In a colony of severe combined immunodeficiency (SCID) mice conspicuously altered behavioural characteristics were observed: hunched position, apathy, dullness, short breath, bristled fur, emaciation, circling movements around their longitudinal axis and oblique head posture. This was most common in pregnant and lactating animals and also observed in 4 mice after experimental treatment. Pseudomonas aeruginosa, serotype PI and Enterococcus durans, serotype D were isolated from various organs and from the middle ear. On autopsy, the mice showed signs of focal pericarditis and thickened liver capsules. The histological examination of the liver revealed mild, focal accumulations of mononuclear cells. In addition, it was observed that scm mice with signs of this disease did not allow human peripheral blood mononuclear cells to engraft.
Immunodeficient animals are widely used to study the development and regulation of the immune system in vivo and to elucidate pathogenic mechanisms of immunological disorders of man. Animals lacking specific immunological response mechanisms are usually maintained in a sterile environment to prevent microbial contamination. Special design of animal quarters, as well as trained animal staff and good health surveillance programmes are crucially important in disease prevention.
Correspondence to: Hermann M. Dietrich, DVM, Central Laboratory Animal Facilities, Medical School, University of lnnsbruck, Fritz-Pregl-Strape 3 A-6020 lnnsbruck, Austria. Telephone: 0043-512-507-3132; Fax: 0043-512-507-2955 Accepted 24 April 1995 Even under microbiologically conventional housing conditions without stringent barrier systems, e.g. when separate rooms with laminar air flow cabinets are available, immunodeficient animals can be successfully housed, at least for a certain period. In an initial breeding colony of about 90 severe combined immunodeficiency (SCID) mice (Bosma et a1. 1983 , Bosma et a1. 1989 ) after a period of 3 months without any health problems, conspicuous alterations in the behaviour were observed in some scm mice, as well as, the clinical manifestation of infectious disease described in this report. Autopsies, serological and microbiological analyses and histological examinations were performed. In addition, the effects of disease on the engraftment of human cells in SCID mice were' ascertained.
Materials and methods

Animals and housing conditions
C.B17jIcr-scid/scid mice were rederived by hysterectomy in the Institute for Cancer Research at the Fox Chase Cancer Center, Philadelphia, PAl and associated with a defined cocktail of gut bacteria containing E. coli, Streptococcus faecalis, Lactobacillus (2 species) and Bacteroides fragilis (T. W. Poole, personal communication). A colony of these SPF animals was thereafter barrier-bred in laminar flow facilities without giving a further colonization resistance flora (Boot et al. 1993) at the Buffalo Children's Hospital, New York State, USA (B.Albini, personal communication). From these animals a breeding nucleus of clinically healthy 7 male and 17 female mice were transferred into our facilities in April 1992 and maintained in laminar air flow cabinets. In each of the 7 polycarbonate cages (Macrolon R , type Ill) with filter tops, one male and 2-3 females were housed on a dust-free pinewood granula bedding according to the 'Guide for the Care and Use of Laboratory Animals' (National Research Council 1985) . Briefly, only well-trained members of the personnel staff were allowed to enter the animal room. They were obliged to put on overshoes, caps and surgical masks, and after scrubbing autoclaved gloves and surgical coats were used. Cages, stainless covers and nipples, water bottles from polycarbonate, filter tops and bedding were autoclaved (125°C, 25 minutes) and changed twice a week. The animals received autoclaved food pellets (T779, registration No. A7322, Tagger, Graz, Austria) and autoclaved tap water ad libitum.
From this breeding nucleus a colony of 78 female and 12 male SCID mice was established from May 1992 until June 1993. Each male was used in a polygamous breeding system and was mated with 5-7 females. The numbers of newborn and weaned mice per cage were recorded twice a week. From this progeny male and female mice were reared and used for experimental procedures.
Health monitoring techniques
For the histopathological and microbiological analyses including serotyping of bacteria, according to Kunstyr (1992) , 8 female mice with clinical manifestations and 4 female, clinically healthy animals were sacrificed by cervical dislocation. Immediately after that, autopsies were performed and samples were carefully taken from various organs (lung, heart, spleen, kidney, liver, intestines, brain, middle ear) using sterile equipment. In addition, samples were taken from the cages, the cabinet walls, the floor and from the drinking water of the animals' bottles. Food samples were microbiologically evaluated according to Flatscher and Willinger (1981) . Due to the lack of antibody production in SCID mice,S female, 6-8 week old C57BL/6 mice (Zentralinstitut fur Versuchstierzucht, Hannover, FRG) were used as sentinel animals for serological and histological diagnosis. Under laminar air flow conditions the sentinel animals with known microbiological status were housed together with 4 female SCID mice for 2 weeks and separated for another 2 weeks. Blood samples were collected from the sentinel mice and examined for antibodies against viral antigens (mouse hepatitis virus (MHVj, minute virus of mice IMVM), pneumoniavirus of mice IPVMj, lymphocytic choriomeningitis virus ILCMV), reovirus type 3, Theiler's murine encephalomyelitis virus, Sendaivirus, adenovirus, ectromelia virus, polyomavirus, Kvirus, Hanta viruses, mouse cytomegalovirus (MCMVI, rotavirus, mouse thymic virus and Mycoplasma pulmonis I and Bacillus piliformis/Clostridium piliforme by indirect immunofluorescence assays. Tissue samples from lung, liver, spleen, kidney, brain and intestines of the diseased and clinically healthy mice and from the sentinel animals were fixed in 4 % formaldehyde, embedded in paraffin, cut in 5 Jim sections and stained with hematoxilin and eosin.
Transfer of human peripheral blood mononuclear cells into SCID mice
About 20 groups of 4 SCID mice each aged 8-10 weeks were tested for immunoglobuline leakiness (Bosma et al. 1988) and inoculated with 50 x 10 6 human peripheral blood mononuclear cells. These cells were prepared as described (Nadal et al. 1991) and stained with the nuclear supravital dye H33342 (Chen et a1. 1992) . One group of them consisting of 4 clinically healthy female animals was treated as described and sacrificed 7 days after transfer of human cells. At that time, this group was in poor health, showing initial clinical signs of disease. Human cells were traced in peritoneal washings and the mesentery and omentum (Chen et a1. 1992) .
Results
Clinical manifestations
and gross pathology From May 1992 until June 1993, 78 female SCID mice produced 464 pups (mean number of 5.95 pups per dam). From these numbers 87.7% of the litter (407 animals) were weaned and used for experiments (289 animals) or were scheduled for breeding purposes (118 animals). In 8 pregnant or lactating mice (10.3% of all females) hunched positions, apathy, dullness, short breath, bristled fur, lack of vibrissae and inhibited social behaviour were found, and in 3 of these 8 animals also circling movements around their longitudinal axis and oblique head posture were observed. These disturbances inhibited uptake of food and water which lead to severe emaciation ('wasting'l of the affected animals. One mouse showed evidence of abortion and 4 dead fetuses were found in the bedding material. The autopsy of the 8 adult, female, affected animals showed signs of focal fibrinous pericarditis, opacity and thickening of Glisson's capsules and suppurative lesions in the middle ear.
Microbiological examination
Pseudomonas aeruginosa, serotype PI, was isolated in large numbers from a variety of sites: from the intestinal tract of all 8 diseased and 4 clinically healthy animals tested; from the heart, lung, spleen, kidney, brain and the middle ear of 3, and from the liver of 4 of the affected mice. Enterococcus durans, serotype D was cultured from the intestinal tract of all 12 studied animals as well as from the liver of 1 mouse with clinical signs and from the heart, lung, spleen and kidney of another Mycoplasmas and fungi were lacking in all samples. However, various bacteria which were not characterized in detail at that time, were cultured from samples of drinking water.
Histology
In light microscopy, the 8 animals with clinical manifestation of the disease showed a slight focal accumulation of mononuclear cells in the liver. In the lung, spleen, kidney, brain and the intestines of these animals and in the organ samples of the sentinel animals, no morphological abnormalities could be found.
Effects of infection of SCID mice on survival of human peripheral blood mononuclear cells
Since SCID mice are used to grow human mononuclear cells in their system and thus to create a 'human-SCID mouse chimera' (McCune et a1. 1988 , Mosier et a1. 1988 ) it was of interest to see whether infection of scm mice would modulate the fate of the xenogenic cells in the mouse peritoneum. All 4 mice which developed the disease showed complete destruction of the human cells after 7 days' passage, whereas SCID mice of the colony without clinical manifestations had engrafted human cells in the mesentery and omentum.
Discussion
A colony of SCID mice, originally obtained from the Fox Chase Cancer Center, was established at Children's Hospital, Buffalo, New York State and a breeding group was transferred into the animal facilities of the University of Innsbruck, Austria. Here, 8 animals with clinical signs of disease and 4 clinically healthy mice revealed infections with Pseudomonas aeruginosa and Enterococcus durans. In all 12 animals, the bacteria were found and the results let us assume an infection rate of or near 100% in our colony (Committee of Infectious Diseases of Mice and Rats 1991). The exact time of infection with these microorganisms in the animals could not be clearly traced. Either the intestinal colonization already happened before the shipment of the SCID mice or it was caused possibly by contaminated drinking water. However, in fall 1992 the colony of SCID mice from Children's Hospital, Buffalo, from which the breeding animals were transferred to Innsbruck, was completely relocated due to local reasons into the animal facilities of the State University of New York at Buffalo, and since then, an average of 5 breeding cages was kept there in laminar air flow cabinets. Representatives of the State University of New York at Buffalo recently informed us that in their animal facilities 5 females died during labour in spring 1994 and all offspring died with the mothers. In addition, 3 pregnant mice showed the symptoms described above. It thus seems likely that the SCID mice developed the same disease as the Innsbruck colony, suggesting microbial colonization at Children's Hospital, Buffalo, that means prior to the transfer to Innsbruck (Albini C. and Albini B., unpublished observation).
In general, to prevent immunocompetent and immunodeficient laboratory animals from microbial infections via drinking water various decontamination methods of water can be used, such as autoclaving or chemical disinfection. In our animal facilities chemical disinfection methods, e.g. chlorinating or acidifying of drinking water were never used. However, due to our findings it seems reasonable to add sufficient disinfection procedures to the routinely-performed autoclaving of drinking water for SCID mice to protect these animals efficiently against water-borne microbial contamination.
A striking feature was the preponderance of stressed animals which showed the clinical manifestation of the bacterial infection during late pregnancy and the early lactation period. In clinically healthy SCID mice we found the same type of pseudomonas and/or enterococci as in the diseased animals -in particular in the intestinal tract. It is known that the presence of pathogenic bacterial species need not be always correlated to pathological lesions. For example, moderate and severe acute and chronic genital inflammations with septic conditions were described in male CS7BL/6J and C57BL/6JawJ mice (Kunstyr 1988) . Those animals with a supposed mating overload showed localized lesions of the genital opening, inflammation of penis and prepuce and occasionally small abscesses in preputial glands. Besides the presence of normal intes'tinal bacteria, the 2 pathogenic species Staphylococcus aureus and so-called Pasteurella pneumotropica were isolated from lesions of the genital tract and from internal organs of healthy and ill mice. Pathological findings of internal organs were not observed in those animals. Itoh et al. (1983) stated that in the fecal flora of SPF-reared mice of various strains a significantly higher content of Pseudomonas aeruginosa was found compared to conventionally-housed colonies. However, in immunosuppressed hosts, pseudomonas is primarily found as an opportunistic pathogenic agent (Weisbroth 19791and endogenous streptococcal virulence is potentiated in mice after cyclophosphamide treatment (Brownstein 19781. Ohsugi et al. (1993) described the isolation of Acinetobacter calcoaceticus from the gastrointestinal tract of C.BI7-scid/scid immunodeficient mice but only in the GI tract. It was not seen in C.B17-scidl + or C.B17-+ I+ homozygous mice which have a normal immune function.
The involvement of pseudomonas and enterococci in the disease reported here is suggested strongly by the clinical manifestations of the disease and concomitant microbiological demonstration. The data presented here suggest that SCID mice, kept in laminar air flow cabinets and receiving sterile food and water, may harbour a limited number of enteric bacteria and parasites. This is in good agreement with the observations of Shultz et al. (1989) and Sundberg et al. (1989) . However, non-specific defence mechanisms most likely involving NK and phagocytic cells, seem sufficient to stabilize the equilibrium between bacteria and host. Intercurrent stress, such as pregnancy, lactation, overcrowding, or experimental treatment can trigger a break-down of the precarious host defence of these mice and allow for the development of the overt and usually fatal disease. Future studies of mechanisms by which stress tips the 'attenuated' host defence of SCll mice against enteric bacteria may lead to a better understanding of the role of stress in patients with immunodeficiencies.
The clinical picture of 'wasting disease' was observed in all 8 diseased SCll mice, circling movements around the longitudinal axis of the animals revealed in 3 of the 8 mice likely were caused by lesions of the middle ear. It was shown by Dagnaes-Hansen et al. (1992) that an atypical pseudomonas (Pseudomonas gladioli) can cause otitis media in SCll mice with clinical alterations expressed as circling or rolling movements. The clinical manifestation [circling movements and oblique head posture) in our SCll mice was also comparable to those described by Ediger et al. (1971) and Dagnaes-Hansen et al. (1992) . Similarly, Percy and Barta (1993) have reported the isolation of streptococci and proteus in their colonies of SCll and SClljbeige mice, entailing clinically overt disease in some animals. In our SCll population, abortion was observed only in one diseased animal. Thus, in general, the number of litters in the colony was not found to be affected by the bacterial infection.
Interestingly, clinically manifest disease in pseudomonas and enterococcus-infected SCID mice can prevent successful engraftment of human, i.e. xenogenic, cells. Although clinically healthy mice also contained both bacterial species, only in one group of 4 animals out of about 20 groups used for inoculation, human cells were not able to engraft after 7 days. Most probably in these animals a high degree of bacterial contamination in association with the experimental treatment facilitated or maybe accelerated the clinical manifestation. However, this suggests that infectious agents activate non-specific defence mechanisms, such as those mediated by macrophages and NK cells, and finally allow for the destruction of the xenografts. The numbers of NK cells indeed increase locally upon administration of human cells to healthy SCll mice (Nadal D, Schlapfer E, Ogra PL, and Albini B, unpublished observations). The rejection of Dietrich, Khaschabi & Albini human peripheral blood mononuclear cells in SCID mice with disease lends support to the notion that the outcome of the transfer of xenogeneic cells into these mice depends on the balance between the activation status and cell numbers of the xenograft and activation status and numbers of murine NK cells (Murphy et al. 1992) .
Pseudomonas aeruginosa is known as an ubiquitous and opportunistic organism in the gastrointestinal tract of laboratory animals. The agent is included in the 'List of Pathogens for the Specification in SPF Laboratory Animals' (Society for Laboratory Animal Science 1988). Enterococcus durans is ubiquitous but only occasionally occurring in the respiratory or gastrointestinal tract of rodents and not included in the 'SPF-list' (Society for Laboratory Animal Science 1988; Kunstyr 1992). As a matter of fact, contamination of animals under conditions of experimentally induced immunosuppression, hereditary immunodefiency or insufficient colonization resistance, can manifest a disease. Therefore, it is recommended that laboratory animals with reduced or lacking function of the immune system must be maintained under rigorous housing systems and microbiological control to protect them also from agents with low pathogenicity.
As a consequence of the isolation of Pseudomonas aeruginosa and Enterococcus durans the initial breeding colony of SCID mice in our animal facilities was completely discarded. Intensive cleaning and disinfection procedures of animal rooms and the laminar air flow cabinets were performed. In addition, reiterated specific instructions of the staff, in particular concerning the autoclaving process of food, water and housing equipment for the animals and the correct management of immunodeficient animals were done. The prevention for infections of SCll mice have to be achieved by effective measures which are accomplished primarily through good husbandry procedures, personnel management and equipment maintenance and periodic microbiological monitoring and strict avoidance of stressful conditions, e.g. overcrowding (Wostman 1985) . Those factors seem essential to optimize successes of breeding scm mice and to assure reproducibility of their use in research.
